biomedicine by proposing a new diagnostic method, optical coherence tomography (OCT). This technique enables the acquisition of cross-sectional images in high resolution and identification of the internal microstructure of materials and biological systems, with no need to cut the samples or expose patients to ionizing radiation.
OCT was initially proposed for ophthalmology. 7 Among many other applications, this technique has been used in dermatology, 8 oncology, 9 and cardiology. 10 It has also been widely employed in dental practice 11 to evaluate the tooth-restoration interface, 12 adhesive failures in indirect restorations, as well as fractures and cracks in composite resins, which could have positive implications for the noninvasive diagnosis of secondary caries. 13 The follow-up of aesthetic oral rehabilitations is usually
In vivo optical coherence tomographic imaging to monitor gingival recovery and the adhesive interface in aesthetic oral rehabilitation: A case report
Nathalia Del Rio Lyra Graça 14 This report describes the use of OCT as a noninvasive diagnostic and follow-up method for evaluating gingival recovery and the adhesive interface of ceramic laminate veneers.
case report
A 23-year-old woman reported dissatisfaction with the visual appearance of her smile due to the presence of yellowish teeth, generalized anterior diastema, and a gummy smile (Figs. 1A and B ). Based on a clinical and radiographic examination, the following treatment plan was proposed: periodontal plastic surgery, tooth whitening, and cementation of ceramic veneers on the upper and lower arches.
The patient signed an informed consent form, and routine preoperative tests (blood count, coagulation, and fasting glucose) were requested. No abnormalities were found.
A 1325-nm Swept-Source OCT device (Thorlabs, Newton, NJ, USA) was used to image the front teeth. For the OCT readings, the patient remained seated with her head stabilized and perpendicular to the laser light source. The positions of the chin and glabella were standardized for all imaging sessions. Sagittal images of the cervical ( Fig. 2A) , middle (Fig. 2B) , and incisal thirds (Fig. 2C ) of the right maxillary central incisor were obtained through OCT before the treatment. It was possible to observe the enamel, dentin, dentin-enamel junction, gingiva, gingival sulcus, and incisal border.
An intraoral mock-up with A1 bis-acryl resin (Protemp 4; 3M, Maplewood, MN, USA) was constructed (Fig. 1C) . Periodontal plastic surgery was performed with the aid of a surgical guide. The bands of the keratinized soft tissue around the teeth were removed to obtain a parabolic shape. A flap was raised, exposing the local bone tissue. Osteotomy and osteoplasty were performed, aiming to restore the biological width. The flap was repositioned and sutured. Gingival health was evaluated clinically and through OCT after 15 days and 2 months of tissue healing. The final sagittal OCT image of the cervical third of the right maxillary central incisor, when compared with the initial image and the image taken at 15 days, demonstrated gingival recovery, as shown by the formation of a new gingival sulcus around the teeth (Figs. 2D-F) . Clinically, gingival health was observed. In addition, close contact of the gingiva with the tooth, as present before surgery, was shown in the OCT images. The gingiva was in the process of healing and reestablishment of its position around the tooth 15 days after the periodontal surgical procedure. The periodontal tissue showed normal patterns of healing given the formation of junctional epithelium (15 days) and maturation of connective tissue (45-60 days after periodontal surgery).
The patient was given the necessary material for at-home vital bleaching and was instructed to use a 16% carbamide peroxide whitening agent in a tray for 4 hours once a day for 2 weeks.
After the bleaching treatment was completed (Fig. 1D ), minimal tooth preparations for ceramic veneers were carried out with diamond burs (KG Sorensen, Cotia, São Paulo, Brazil) and Sof-lex TM polishing discs (3M, Maplewood, MN, USA). Gingival retraction was performed to allow access for the impression material to record the finishing line of both arches. The impression material used was addition silicone (Express; 3M, Maplewood, MN, USA). Face bow and bite records were also taken. The impressions were cast in type IV plaster and the physical models were mounted on a semi-adjustable articulator (A7 Plus; Bio-Art Soluções Inteligentes, São Carlos, SP, Brazil) and IPS e.max (Ivoclar Vivadent AG, Schaan, Liechtenstein) ceramic veneers were made.
The fit and the gingival adaptation of the veneers in the mouth were checked and the color shade of the cement was selected using Variolink Veneer Try-in pastes (Ivoclar Vivadent AG, Schaan, Liechtenstein).
The ceramic veneers were etched with 5% hydrofluoric acid (IPS Ceramic Etching Gel, Ivoclar Vivadent AG, Schaan, Liechtenstein) for 20 seconds, washed, and dried. The restorations were silanized (Monobond Plus, Vivadent AG, Schaan, Liechtenstein) for 1 minute. The adhesive (ExciTE F, Vivadent AG, Schaan, Liechtenstein) was applied to the internal face of each veneer and polymerized for 15 seconds (Radii-call LED curing light, SDI, Australia).
The teeth were etched with 37% phosphoric acid (Total Etch, Vivadent AG, Schaan, Liechtenstein) for 15 seconds, washed and dried. The Adhesive (ExciTE F, Vivadent AG, Schaan, Liechtenstein) was applied to the dental enamel and polymerized for 15 seconds (Radii-call LED curing light; SDI, Bayswater, Australia).
The ceramic veneers were cemented with photopolymerizable resin cement (Variolink Veneer; Vivadent AG, Schaan, Liechtenstein) one by one, starting with the central teeth (Fig. 1E) . The veneers were placed on the teeth under slight pressure followed by the removal of excess resin cement and polymerization for 30 seconds (Radii-call LED curing light, SDI, Bayswater, Australia). For the removal of remaining excess cement, scalpel blades, finishing and polishing discs, and abrasive polyester strips were used.
The sagittal OCT images after veneer cementation showed gingival health (Fig. 2G ) and micrometer-sized bubbles in the cementation line (Figs. 2H and I) . Given that the treatment was considered satisfactory, the patient was instructed about 6-month recall dental appointments to assess the he a l th of the hard and soft tissues and the integrity of the veneers.
discussion
OCT is a non-invasive and non-radioactive technique that is widely used in several clinical applications. In dentistry, OCT has been used for in vitro and in vivo evaluations of soft and hard tissues. 15 Traditional diagnostic methods in dentistry are based on clinical, radiographic, and periodontal examinations, as well as probing. Radiographic images are 2-dimensional projections of 3-dimensional structures and expose the patient to radiation. Periodontal probing presents poor sensitivity and reliability. 16 OCT, however, has been established as a comfortable, safe, and conservative diagnostic method.
OCT is able to detect qualitative and quantitative morphological changes of dental hard and soft tissues. Thus, it is an interesting method for evaluating aesthetic dentistry treatments, such as the one presented in this clinical case. The initial OCT images showed details from the hard and soft tissues, in which an area of normal gingiva with direct contact between the tissue and the tooth was observed. At 15 days after periodontal plastic surgery, the OCT images showed the healing process of the gingiva. At 60 days, gingival recovery and new gingival sulcus were observed, indicating that the conditions were ideal for continuing the aesthetic treatment.
Periodontal plastic surgery combined with restorative procedures, when indicated, can yield excellent aesthetic results. As the patient was searching for a harmonious and aesthetic smile, after surgery and tooth whitening, a treatment with ceramic veneers was proposed. Treatment with veneers is able to create naturally aesthetic results that involve morphological modifications related to tooth color, shape, contour, size, and volume, and it is well-accepted by periodontal tissues. 17 Advances in adhesive technology have increased the use of ceramics. Initially, conventional feldspathic ceramics were used. However, those systems presented high failure rates and friability and low flexural strength, as well as resulting in significantly greater wear on the opposing teeth. 18 New ceramic systems (leucite-and lithium disilicate-reinforced) were introduced, which yield excellent aesthetic results and better mechanical performance. 19 The IPS e.max system, a lithium disilicate glass-ceramic, was selected in the case described herein given the possibility of working with a conservative adhesive approach. 17 The thinness of the veneers means that the adhesive cement has a decisive effect on the final aesthetic result, especially when the ceramics have high translucency. The use of Try-in pastes allows selection of the color shade, making the final result predictable. 20 The use of photopolymerizable resin cements is preferable for veneer cementation. Self-and dual-cured resin cements are more likely to show color changes over time. 21 Color stability is also related to moisture contamination or insufficient photoactivation. 22 For the clinical case presented herein, a photoactivated resin cement was used because it enabled easy removal of excess cement, different values and translucencies, and appropriate bonding and mechanical resistance. The adhesive interface is a key element of successful trea t ment with ceramic veneers. The continuity between the tooth substrate, cement, and the internal face of a ceramic veneer is responsible for its fracture resistance and the solubility of cement in the oral environment. 23 Ceramic veneers are extremely resistant when cemented on teeth. Air bubbles, however, may be incorporated during the cementation.
The adhesive cementation of 20 ceramic veneers was evaluated using OCT images. 24 Adhesive failures such as bubbles and gaps in the cementation line were observed. Failures may have occurred due to the lack of uniformity and thickness of the cement. The air pockets seen may increase over time and culminate in detachment or fracture of the restoration. A low cementation pressure may also be a contributing factor to air bubble formation. The available methods for veneer evaluation are limited to clinical and radiographic examinations, which may not allow the appropriate identification of failure. 14, 24 OCT has emerged as a high-resolution imaging modality that can be used without exposing patients to ionizing radiation. 25 In this case report, OCT was chosen as an alternative to traditional clinical and radiographic examinations to evaluate indirect restorations due to its non-destructive and non-invasive characteristics.
OCT was found to be an efficient and promising approach for the professional evaluation of gingival recovery and the adhesive interface during aesthetic oral rehabilitation involving periodontal plastic surgery and ceramic laminate ve neers. This approach could be used to investigate and mon i tor in vivo adhesive failure in ceramic laminate veneers.
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